Abstract: The vegetation of the aquatic and marshland habitats of the Orava region (north of Slovakia) was studied in 2009, using traditional phytosociological methods. Sixteen aquatic and eighteen marsh plant communities were described within 96 phytosociological relevés by using TWINSPAN with the application of the dominance principle. Three associations, Potametum alpini, Potametum zizii and Ranunculo-Juncetum bulbosi, were found as new communities for Slovakia. Myriophylletum verticillati, Potametum nodosi, Potametum graminei and Alisma gramineum community were recorded in the northernmost localities in Slovakia. Among marsh communities, Calletum palustris is very rare, both in the Orava region and in Slovakia as a whole. According to Ellenberg's indicator values (EIV), moisture was evaluated as the main ecological gradient. Plant communities are ordered along the first Detrended Correspodence Analysis (DCA) axis in a typical hydroseries (Potametea → Lemnetea → Phragmition communis → Phalaridion arundinaceae, Oenanthion aquaticae and Sparganio-Glycerion → Magnocaricion elatae). The second DCA axis was most correlated with EIV for nutrients. Among the five directly measured ecological characteristics (temperature, pH and conductivity of water, water depth, and substrate type), conductivity of water (0.44, P < 0.01) and substrate type (0.32, P < 0.05) were the statistically significant variables explaining the variability along the first DCA axis.
Introduction
Recent phytosociological research of aquatic and marshland habitats brought significant new information about vegetation types in small (e.g. Hrivnák 2009; Stančić 2010; Lastrucci et al. 2010 ) and larger geographical regions (e.g. Nobis et al. 2006; Spa lek 2006; Hroudová et al. 2009 ) in Central Europe. Several new vegetation units have been discovered in recent years, just through detailed regional research (Rydlo 2007; Stančić 2009 ). New information concerning the distribution, floristic variability and ecology of aquatic and marshland plant communities in Slovakia has been presented over the last decade. Phytosociological and ecological data were published mainly from the mountain ranges and/or artificial aquatic habitats (Bartošová et al. 2008; Oťaheľová et al. 2008; Hrivnák 2009; Hrivnák et al. 2009a) , but information about these vegetation types from the Orava region was not available. This region has specific climatic, geomorphological and geological conditions which have a considerable influence on the vegetation, including the vegetation of the aquatic and marshland habitats studied. Moreover, there are several older and partially naturalized artificial water bodies (e.g. the Oravská priehrada reservoir, and abandoned fishponds near the village of Párnica), which are potential and appropriate habitats for the vegetation types studied. Therefore, we decided to focus our research directly on the Orava region. The main aims of this study are: 1) to provide a review of aquatic and marsh vegetation of aquatic habitats in the northernmost territory of Slovakia, as well as at the northern boundary of the Danube River catchment basin, 2) to present floristical, ecological, and chorological characteristics of the plant communities detected, 3) to evaluate the influence of ecological variables on the species composition of the vegetation studied, and, 4) to compare the selected ecological variables of the most frequent aquatic and marshland plant communities.
Study site
The vegetation of aquatic habitats was studied in the Orava region, which lies in the northern part of Central Slovakia (Fig. 1) . The study area is situated in the central and upper part of the Orava River catchment basin, which is one of c 2011 Institute of Botany, Slovak Academy of Sciences (Miklós 2002) , displaying the studied localities in order, according to Table 1 , and the map of the localities near the village of Párnica.
the northernmost areas of the Danube River basin, as well as the whole Black Sea drainage basin. It is located near the territorial boundaries of the Atlantic Ocean drainage basin. This area includes the following orographical units: Oravské Beskydy Mts., Podbeskydská brázda Furrow, Podbeskydská vrchovina Upland, Oravská Magura Mts., Oravská vrchovina Upland, Oravská kotlina Basin and Skorušinské vrchy Mts (Fig. 1) . The area is part of the Carpathian phytogeographical region (Futák 1984 ) with a moderately cool climate; the mean July temperature oscillates from 12
• C to 16
• C and the total annual precipitation ranges from 700 to 1200 mm (Miklós 2002) . Fifteen localities that represent variable types of aquatic habitats were visited during the research (Table 1 and Fig. 1 ). The localities are situated in the colline to submontane belts at elevations ranging from 450 m to 725 m. Their area ranges from just a few m 2 (gravel ditch near the village of Čimhová) to more than 35 km 2 (the Oravská priehrada water reservoir). Within the habitats studied, the water was slightly acidic to alkaline, poor to moderately rich in soluble mineral content, and its temperature range was relatively wide (from 13
• C to almost 25 Table 1 ).
Methods
Phytosociological relevés were taken, applying the Zürich-Montpellier approach. Only stands with at least the minimum area recommended for these types of vegetation were recorded (aquatic and annual amphibious vegetation > 5 m 2 , marshland vegetation > (6) 10 m 2 ; cf. Chytrý & Otýp-ková 2003) . Macrophyte vegetation data were collected in August and September 2009. All the relevés were stored using the TURBOVEG database (Hennekens & Schaminée 2001) , and then exported and processed by JUICE software (Tichý 2002) . They were further analyzed by TWINSPAN (Hill 1979) applying the dominance principle. CANOCO * Taxon / Relevé number 1 1 1 1 1 1 1 1 1 1 2 2 2 2 2 2 2 2 2 2 3 3 3 3 3 3 3 3 3 3 4 4 4 4 4 4 4 4 4 4 5 5 5 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9 0 1 2 Locality 1 1 1 1 1 1 1 1 1 1 4 5 1 9 7 9 3 8 7 7 7 7 A 5 0 0 7 7 7 7 2 2 7 7 7 7 8 1 5 7 2 8 8 9 8 7 2 7 3 6 9 9 9 9 9 9 8 7 7 7 7 Relevé area (m 2 ) 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 2 1 1 1 1 1 1 1 1 1 1 1 1 1 5 5 6 5 6 4 0 2 6 6 6 6 5 4 5 5 9 2 2 5 6 6 6 5 6 6 8 2 6 5 4 6 6 8 0 6 7 6 2 2 9 6 6 5 3 1 0 8 2 7 6 6 (Table 2 , relevé 1); a monodominant stand of Chara fragilis grew in the shallow and alkaline water of a small gravel-ditch. Charetum fragilis is one of the most frequent stonewort communities, which is common in Western and Central Slovakia. The locality in Orava region is at the northernmost point within the territory of Slovakia (cf. Oťaheľová 2001; Hrivnák et al. 2005) .
The vegetation of the class Lemnetea was relatively rare in the aquatic habitats studied (Table 2 , relevés 2-9). Only two associations, Lemnetum minoris and Utricularietum neglectae were found in stagnant, 5-20 (40) cm deep water with fine organic sediment on the bottom, and frequently shaded by shrubs and trees. Utricularietum neglectae belongs to rare aquatic communities in Slovakia, while Lemnetum minoris is frequent over the whole territory of Slovakia (cf. Oťa-heľová 1995a; Hrivnák 2002) .
The freshwater plant communities of the class Potametea were relatively frequent, represented by several vegetation units, and well documented by phytosociological relevés (Table 2 , relevés 10-52). The most frequent ones were Myriophylletum spicati, Potametum nodosi, Potametum lucentis, Polygonetum amphibii, and Potametum graminei. Except for Potametum nodosi, all the communities mentioned formed closed (cover 70-100%) or, less frequently, open (40-60%) stands, in medium deep to deep (40-130 cm), and less frequently in shallow (20 cm) or very deep (200 cm) water. Potametum nodosi was found only in aquatic habitats near the village of Párnica in stagnant or slowly running, shallow or medium-deep water, with various substrate types (fine organic sediment in deeper and stagnant water, and gravel in shallower and slowly running water). Within these associations, the average water pH value increased in the order Polygonetum amphibii → Potametum graminei → Potametum lucentis → Potametum nodosi → Myriophylletum spicati, though the first three communities exhibited relatively high variability in the relationship to pH values. Water conductivity was similar for all communities except Potametum nodosi, where it was markedly higher (Fig. 2) . In general, Potametum nodosi is a community typical of waters rich or moderately-rich in nutrients (e.g. Oťaheľová 1995b; Nowak et al. 2007) . The above-mentioned communities are relatively frequent in Slovakia, with occurrence mainly in the lowland regions, while distribution data from the mountain regions of Slovakia are rare or missing (e.g. Oťaheľová 1995b; Bartošová et al. 2008; Rydlo 2008; Hrivnák et al. 2009a ). Potametum nodosi is found in several Cen- Fig. 2 . Measured values of water pH and conductivity in the most frequently occurring Potametea plant communities. PotNat -Polygonetum amphibii (n = 4), PotLuc -Potametum lucentis (n = 5), MyrSpi -Myriophylletum spicati (n = 6), PotNodPotametum nodosi (n = 6) and PotGra -Potametum graminei (n = 4). Box -standard deviation, cross -average, vertical bar -minimum and maximum.
tral European countries (cf. Hejný 1995a; Borhidi 1996; Nowak et al. 2007 ). In Poland, the dominant species of this community, Potamogeton nodosus, is relatively rare in the adjacent part of the Polish Carpathians (Zalewska-Ga losz 2008; Zalewska-Ga losz & Oklejewicz 2008), but a community with their dominance is not mentioned (Matuszkiewicz 2008) . Polygonetum amphibii and Potametum lucentis are frequent aquatic communities. Although Myriophylletum spicati is also frequently found in Slovakia, data on its distribution and ecology are deficient (Oťaheľová 1995b) . Potametum graminei is a rare community with its distribution in the lowlands of south-eastern and south-western Slovakia (Oťaheľová 1995b) . Our data from the Orava region are the first from the northern part of Slovakia and from higher altitudes. However, the community is known, for instance, in Poland (Matuszkiewicz 2008) . In the study area, the occurrence of Potametum graminei was limited to several places in the Oravská priehrada water reservoir. In addition, three vegetation units, Potametum alpini and Potametum zizii associations, and the Alisma gramineum community have been found in the Orava region, though their occurrence is rare. The first two communities mentioned are new to the territory of Slovakia. A stand of Potametum alpini was found in shallow, relatively cold and alkaline water, shaded by trees, with a fine mixed substrate at the bottom, containing both organic and inorganic matter. Similar ecological characteristics are found in neighbouring countries, the Czech Republic (Šumberová 2011a) and Poland (Nowak et al. 2007; Matuszkiewicz 2008 ). The documented stand (see Table 2, relevé 17) was relatively poor in species, Potamogeton alpinus was a dominant, and P. natans a subdominant species; furthermore two species Calllitriche hamulata, and Lemna minor occurred in low abundance. Potamogeton alpinus and Callitriche hamulata are amongst species occurring rarely, not only in the region of Orava but within the entire territory of Slovakia (Kaplan 2010; Kochjarová et al. 2010 ). In the published relevés, other true aquatic species also occurred, e.g. Callitriche palustris, Lemna minor, Myriophyllum spicatum, Potamogeton natans, P. obtusifolius, Sparganium emersum (Černohous & Husák 1986; Nowak et al. 2007 ). Another community, new in the territory of Slovakia, Potametum zizii, was found in the littoral zone of the Oravská priehrada water reservoir. The vegetation of the locality grew in medium-deep water with a slightly acidic/neutral water reaction (pH 6.5) and relatively low conductivity (197 µS/cm). A rare hybrid taxon, Potamogeton ×angustifolius, formed nearly monodominant submerged stands, adjacent to localities with Potametum lucentis, Potametum graminei, and Polygonetum amphibii. The community was validly described for the first time in a fishpond near the village of Holice in the north-eastern part of the Czech Republic (Černohous & Husák 1986) and it was also reported in other localities of the country (Černohous & Husák l986; Rydlo 2005; Šumberová 2011b ). It is also found in localities in Germany (Rennwald 2000) , and India, Kashmir (Zutshi 1975) . Alisma gramineum community was found, like the other two above-mentioned rare communities, only in the Oravská priehrada water reservoir. The dominant species is relatively common in this reservoir, where open and small stands with several typical aquatic species have developed (Table 2). Other detected plant communities from the class Potametea are fairly frequent in the study area. Potametum natantis prefered smaller artificial or natural aquatic habitats and formed open and often large stands. Specific species composition was detected in a ditch in the Klinské rašelinisko mire. Potamogeton natans formed stands with the occurrence of typical mire species such as Comarum palustre, Eriophorum angustifolium, and Sparganium natans. The species composition of this stand is different from those mentioned for Potametum natantis, found over the whole of Europe (Schratt 1993; Oťaheľová 1995b; Rodwell 1995; Popescu & Coldea 1997; Borhidi 2003; Matuszkiewicz 2008; Šumberová 2011c) . Potametum perfoliati formed open to moderately-closed stands in habitats with medium-deep water in various parts of the Oravská priehrada water reservoir. Myriophylletum verticillati is a rare plant community in the region studied, as well as in the territory of Slovakia as a whole, reported only in a few localities (e.g. Hrivnák et al. 2004; Hrivnák et al. 2009b) . It grew in shallow to medium-deep water, with fine organic substrate at the bottom. In addition to the typical submersed form, the dominant species often develops a terrestrial form, too. The vegetation with dominance of small linear-leaved pondweeds was represented by Potametum pectinati and Potametum berchtoldii. Potametum pectinati is a community typical of nutrient-rich waters. It is frequent throughout Slovakia, although relatively rare in Orava region. Higher values of water conductivity (250 and 359 µS/cm) and an increased nutrient supply, either from agricultural activities or due to the additional fertilization of fishponds at fish-farms, are typical of both localities of this community in the region studied. There is relatively little information about the Potametum berchtoldii community in Slovakia (e.g. Bartošová et al. 2008; Hrivnák et al. 2009a) . Until now, Potamogeton pusillus has been determined at the aggregate-taxon level in most of the stands where its occurrence was dominant, while P. berchtoldii and P. pusillus s. s. were determined sporadically in Slovakia.
The typical marsh vegetation contained a relatively high number of vegetation units, but only a few of them were frequent in the studied area (Sparganietum erecti, Equisetetum fluviatilis and Caricetum gracilis). Four associations were found within the Phragmition australis alliance (Table 3) . Their species composition and ecological characteristics are similar to those from other parts of Slovakia (cf. Oťaheľová et al 2001) . Specific species composition was detected in the case of Sparganietum erecti from the Jelešňa river alluvium, where a combination of spring (e.g. Cardamine amara), typical marsh (e.g. Carex rostrata, Glyceria fluitans and Scutellaria galericulata) and mire species (e.g. Calla palustris) was found. This is related to the presence of specific habitat conditions (fen-soils, river floods, springs, high level of groundwater all year round). Tall-sedge vegetation included eight plant communities. Only Caricetum gracilis and Phalaridetum arundinaceae were relatively frequent, however. The first of the above-mentioned communities formed large and closed monodominant stands in the littoral of large water reservoirs (Oravská priehrada and Tvrdošínska priehrada). Phalaridetum arundinaceae was in contact with Caricetum gracilis in the upper littoral, and the dominant species Carex gracilis and Phalaroides arundinacea often occurred in both associations. Other communities of the Magnocaricion elatae alliance were less frequent or rare. Calletum palustris is the most interesting finding within Phragmito-Magnocaricetea. It was found in a terrain depression within an alder forest, growing in shallow water, with deep fen-soil. Calletum palustris is sometimes included in a separate alliance Carici-Rumicion hydrolapathi Passarge 1964 (Hejný & Husák 1978; Hejný 1995b) . However, in several lists of Slovak syntaxa (Mucina & Maglocký 1985; Jarolímek et al. 2008 ) it was classified as belonging to the Magnocaricon elatae alliance. The community was not mentioned in the Slovak survey of wetland vegetation , because no relevant phytosociological relevés were documented at that time. Four associations were detected from the other alliances within Phragmito-Magnocaricetea. RorippoPhalaridetum arundinaceae formed stands along stream tributaries or banks of water reservoirs with a strong and direct wave impact. A typical habitat for this community is a river bank (Kopecký 1961; Kopecký & Hejný 1965) . Eleocharitetum palustris and Oenantho aquaticae-Rorippetum amphibiae are communities typical of shallow, relatively nutrient-rich, aquatic habitats with a seasonal water level fluctuation. Shallow water, or the limose ecophase, is optimal for development of their stands . Leersietum oryzoidis formed small stands on the banks of the Orava river oxbow, near the village of Párnica. Distribution data are known mainly in the southern part of Slovakia (Zaliberová et al. 2000; Oťaheľová et al. 2001) , while no occurrence in northern areas has so far been reported.
The vegetation of the Littorelletea uniflorae class is represented only by two relevés of various plant communities (Table 3 , relevés 43-44). Eleocharis acicularis stands were found in the river oxbow bottom near the village of Párnica, in the limose ecophase. Larger stands of this community with the occurrence of several endangered species (e.g. Limosella aquatica and Tillaea aquatica) occurred on the sandy bottom of the Oravská priehrada water reservoir, after drainage in 1990 (Jarolímek & Zaliberová 1991) . RanunculoJuncetum bulbosi was formed by several Juncus species (J. bulbosus, J. articulatus and J. bufonius agg.) and a number of mire species, such as Agrostis canina or Carex echinata, which formed open stands at the exposed bottom of an excavated mire. Juncus bulbosus was found in the mire vegetation in the region studied (Bernátová et al. 2007 ), but it grew more frequently on exposed and waterlogged soils on stream banks, in wood yards, mire ditches or forest roadsides, with the presence of Carex demissa, Isolepis setacea and Juncus articulatus (D. Dítě, pers. com.) . This is the first paper to report the occurrence of Ranunculo-Juncetum bulbosi in Slovakia. However, it is known in neighbouring countries Austria, the Czech Republic and Poland (Traxler in Grabherr & Mucina 1993; Šumberová et al. 2011; Matuszkiewicz 2008) . Among Ellenberg's indicator values, "moisture" was the most important ecological characteristic explaining the variability of the species data along the first DCA axis in the studied vegetation of aquatic and marshland habitats (Fig. 3) . Plant communities are ordered along the moisture gradient, from aquatic vegetation (Potametea and Lemnetea), through littoral (Phragmition communis) and other marsh vegetation (Phalaridion arundinaceae, Oenanthion aquaticae and Sparganio-Glycerion) to tall-sedge vegetation (Magnocaricion elatae). This zonation is typical of the vegetation of aquatic and marshland habitats at regional (e.g. Balátová-Tuláčková 1993; Oťaheľová et al. 2001) 
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Taxon / Relevé number 1 1 1 1 1 1 1 1 1 1 2 2 2 2 2 2 2 2 2 2 3 3 3 3 3 3 3 3 3 3 4 4 4 4 4 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 Locality 1 1 1 1 1 1 5 8 6 5 9 0 9 9 4 3 9 9 6 7 7 7 5 7 7 6 8 7 8 3 7 7 7 3 7 7 3 7 7 7 7 7 7 9 4 7 7 7 9 6 Relevé area (m 2 ) 1 1 1 1 2 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 6 6 5 5 0 6 7 3 8 2 6 6 5 6 6 6 4 6 2 5 6 6 8 5 6 5 6 2 6 4 6 6 7 6 5 8 6 3 6 0 4 9 3 9 Diagnostic species of the Phragmito-Magnocaricetea Carex gracilis, Galium palustre, Persicaria hydropiper or Phalarodies arundinaceae) are displayed at the opposite part of the moisture gradient (amongst the relatively drier habitats). The second DCA axis correlated with the EIV for "nutrients", whereby the gradient from nutrient-poor to nutrient-rich habitats is de- tectable within all groups of the detected plant communities (Fig. 3) . When only the ecological characteristics, gained directly from field measurements, were used in the analysis, water conductivity was the most important ecological factor, and the substrate type the second most important, explaining the variability of the species data within the aquatic plant communities (Fig. 4) . The vegetation of the Lemnetea class preferred water, which was the richest in soluble mineral substances, having the finest substrate types at the bottom, while the Potametea vegetation had a relatively wide range of both ecological characteristics (Fig. 4) . Utricularia australis, Lemna minor and Sparganium erectum belong to the species preferring fine organic substrate type and water with the highest values of conductivity, while Alisma gramineum, Potamogeton perfoliatus, P. natans and Agrostis stolonifera preferred sand and gravel as a sediment type and water relatively poor in mineral substances (Fig. 4) . In general, finer substrate types (silt and clay), with higher organic content, are typical for the first three of the above-mentioned species. The species of the second group, on the other hand, typically exhibits an affinity to a wider range of substrate properties than those observed in the region of Orava (cf. Willby et al. 2000) . The Orava region is very interesting, due to its diversity of aquatic and marshland vegetation. It is important at both national and Central-European levels. Despite large-scale human hydrological changes, this region comprises a valuable system of aquatic and wetland habitats. In this area, three aquatic plant communities (Potametum alpini, Potametum zizii and Ranunculo-Juncetum bulbosi) have recently been discovered in Slovakia, and some other vegetation units (Myriophylletum verticillati, Potametum nodosi, Potametum graminei, and Alisma gramineum community) have their northernmost occurrence there within the territory of the country.
